We have investigated the influence of light on the mRNA of the gene for the large subunit of ribulose-1,5-bisphosphate carboxylase in mesophyll and bundle sheath cells of the C4 plant Zea mays. The gene is transcribed in both cell types in leaves of seedlings grown in the dark. However, upon illumination, the level of mRNA declines and becomes undetectable in mesophyll cells after 72 hours. On the contrary, in bundle sheath cells the two transcripts of the same gene increase to peak after 24 hours of greening and then decrease to a steady state level. This study was made possible by the development of improved methods for the isolation of two maize leaf cell types suitable for the extraction of high quality RNAs at different developmental states, i.e. etiolated, greening and green.
Transcripts of six regions comprising about 19% of the maize chloroplast chromosome increase in abundance during lightinduced maturation of etioplasts in dark-grown seedlings into photosynthetically competent chloroplasts (11) . One of these regions carries the genes for RuBPCase LS2 as well as the fused DNA sequences coding for the ,8-E CF,. The levels of transcripts of these CF, and RuBPCase genes accumulate to a maximum level after about 20 h of greening and then drop in abundance (4, (10) (11) (12) . However, maize is a C4 plant thus photosynthetic carbon fixation is the result of the coordinated activities of MC and BSC. In mature green leaves of maize, the mRNA for the fl-E CF, is abundant in chloroplasts of both MC and BSC, but that for the large subunit of RuBPCase is present only in the latter I This research was supported by a fellowship from Harvard University to J. S. and by a grant from the National Institute of General Medical Sciences. It was also supported in part by the Maria Moors Cabot Foundation of Harvard University. (Fig. 1, a-0) . Although the plastids are not yet mature, the morphology, differential cell wall toughness, and physical arrangement of BSC and MC are fundamentally the same in etiolated and greening leaves as in green fully developed leaves.
We have used only those preparations in which cross contamination was estimated to be less than 5% asjudged by examination with the light microscope and comparisons of patterns of soluble and membrane proteins after SDS-PAGE (data not shown). Bundle sheath cells contaminating MC preparations usually appear as brick-shaped structures due to the cell wall remaining after digestion (7); for further analyses we used only MP preparations which had less than one brick-shaped cell per 100 MP. On the other hand, contaminating MC in preparations of BSS can be easily distinguished by their physical location; they are found between the BSS. Furthermore, the purity of the two cell type preparations was also evident from the distinctiveIVT protein patterns resolved by SDS-PAGE as shown in Figure 2 .
In Vitro Translation products of BSS and MP RNAs. Samples of total RNA and poly A' mRNA from BSS, MP and whole leaves were translated in a RRL IVT system and the [35S] methionine labeled products were analyzed by SDS-PAGE as shown in Figure 2 . A number of polypeptides (marked by arrows) were either BSC or MC specific. The most obvious ones were in the bands at about 100 kD (PEPCase and PPDK) in the MC RNA directed reactions, and at 55 and 18 kD for (RuBPCase LS and SS) in the BSS RNA directed translations. These products were identified by immunoprecipitation with specific antibodies (data not shown). Additional unidentified bands that are distributed differently in the two cell types can be seen in the 60 to 80 kD regions and 25 to 55 kD regions.
Effect of Digestion Time on the Quality and Quantity of mRNA. We first prepared RNA from BSS and MP isolated from the same leaf material simultaneously by enzyme digestion but we were not satisfied with the quality of the RNA. We switched to a combination ofenzymic and mechanical methods. However, we were concerned that the longer time required for the isolation of MP enzymically might affect the results of comparisons of the abundance of specific mRNAs in the two cell types at defined time points during greening. As shown in Figure 3 , both the quality and quantity of mRNAs for RuBPCase LS and the 32 kD QB protein of PSII did not change noticeably over the first 6 h of digestion of the leaf tissue even during the period of most rapid change (12-24 h) in mRNA accumulation (11) . As noted in "Materials and Methods," MP were prepared by digestion for only 3 to 5 h.
Gene Expression: RuBPCase IS and 0-t CF, in BSC and MC during Greening. The effect of illumination on the levels of transcripts of the RuBPCase LS and ,-E-CF1 genes during greening of BSC and MC is shown in Figure 4 . In BSC, the 1. The effect of time of incubation with cellulase and macerase on the quality and quantity ofmRNAs obtained from leaf cells. Total leafRNAs were extracted from 12 h greening leaf strips after incubation in an enzyme buffer (as described in "Materials and Methods") for 0, 3, 6, and 12 h. Thirty .g of each sample were fractionated on a 1.2% formaldehyde agarose gel and blotted onto a GeneScreen filter sheet. Nick-translated DNA probes of RuBPCase LS (LS) and 32 kD QB protein genes were used to detect any quantitative and qualitative changes occurring during the digestion process.
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fold. Neither the 1.6 kb nor 1.8 kb transcripts increased in MC; instead, the level of both transcripts dropped in the course of greening and eventually became undetectable. On the other hand, the level of transcripts complementary to the beta, epsilon CF1 genes rose rapidly, reached a peak after 24 h of greening, and declined in both BSC and MC.
The ratio of transcripts encoded by these two adjacent plastid genes was dramatically different in BSC and MC during greening (examined by densitometer scanning). In BSC, the ratio (LS/fl-E CF,) was roughly 10:1 in the dark and increased to 20:1 after 24 h of greening. It then declined to the original ratio after 96 h. However, in MC the ratio changed from 10:1 to 1:1 after 24 h of greening and further declined to less than 0.2:1 after 64 h of greening. Furthermore, in etiolated leaves both LS and SS RuBPCase were detected in the cell types by Western blotting; in green leaves, however, both polypeptides are present exclu-,ively in BSC (J-Y Sheen, L Bogorad, unpublished data).
DISCUSSION
Transcripts of the RuBPCase LS gene are found in BSC but not MC of green leaves of maize. In contrast, the fused genes for the 63-E CF1 that are adjacent to the LS gene on the maize chloroplast chromosome are expressed in both cell types (8, 10) . Since the pools of transcripts of all of these genes increase upon illumination of dark-grown seedlings (4, 11, 12), we have investigated the patterns of pool-size changes in the two cell types during plastid development.
Our data show that about one-third of the RuBPCase LS mRNA in etiolated leaves is present in MC plastids. However, upon illumination, the level of transcripts declines in MC to become undetectable beyond 72 h of greening. formaldehyde-agarose gel and blotted onto a GeneScreen filter sheet. As described in "Materials and Methods," radioactive nick-translated DNA probes for RuBPCase LS and ,8-e CF, mRNAs were used to identify and measure the RNAs.
The suppression of RuBPCase LS gene expression in MC of mature chloroplasts may be explained by the synthesis of a lightinducible repressor that blocks transcription, or by the lightmediated elimination of a transcription stimulator, or by a combination of both. Whatever the underlying mechanism, the transcription of CF1 genes is regulated differently. Furthermore, the morphological differentiation ofBSC and MC is independent of events regulating RuBPCase LS expression. 
